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ABSTRACT 


A number of salts of triphenylphosphonium cyclopenta- 
dienylide tricarbonyl molybdenum have been synthesised by 
oxidative addition of halogen or main Group IV metal halides 
to pehe whree midid. These compounds have the general formula 
[CpylidMo(CO).X]"X” or MX, where X = Br, I and M = Ge, Sn. 

Phe presence ora metal trihalide anion in ‘the main Group 
Mere cateiotice Cevivatrves nas been Conizaymeda by infrared 
studies. Triphenylphosphonium cyclopentadienylide tricarb- 
Ony molybdenum hastalso been tound to react. With the merc- 
uric halides, giving compounds of the type CpylidMo (CO) Hex, 
where X = Cl, Br and I. These compounds have been shown 

to be sample Lewis basé-Lewis acid adducts, rather than 
Sales, sonrouch conductivity measurements. 

The base behaviour of some bisphosphine tricarbonyl 
iron compounds has been studied in detail. For (Phos) ,Fe(CO) z 
(Phos = PhP, Ph oMeP and PhMe,P), treatment with nitroso- 
nium hexafluorophosphate in acetonitrile has been found 
toupreduce ertherwa complex nitrosyl. tation [ (Phos) ,Fe(CO) ,NO} ~ 
BE, 
(Phos) ,Fe(NO), (Phos = Ph MeP, PhMe.P). Theonmr spectra 


(Phos = Ph.P) GO@ca neutral dinitrosy) derivative 
of these compounds corresponding to XZAA'X. and X pAA'Xe 
systems, have been studied and compared with those of the 
Bisphosphine tricarbonw! iron complexes. 

rou Distriphenwiphospuiine tricarbony! adron, treatment 


With the diazonium tetrafluoborates of aniline; o-, m-, and 
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p-toluidine; o-, m-,p-nitroaniline; p-anisidine; o-amino 
methyl benzoate; o-amino ethyl benzoate; and benzidine 
has been found to cause displacement of one carbon monoxide 


frevand. from ther molecule “to give a” complexes arylazo salt. 


+o + = 
(Ph,P) ,Fe(CO) ; SY ArN,BF, ———? [ (PhzP) ,Fe(CO) ,N,Ar] BF, + CO 


The infraredcdata.of these+compounds “are consistent with 
eptripolve re vipyryantdabestatolure. about the rcentrat -1rron 
atom, the phosphine ligands occupying *thevaxial "posrtrons, 
With =the Other -bigends=in the equatorial plane. 

INeeyeCet ei OM Om tie 1hirarcd=actBrosn-NeStre ccnp 
Wede wn these compounds vapprox. L200 cm +) hasbeen *cont- 
irmed by HIN SUbSsertuchotey mei nese Studres eimareave —tio=N-N 
bomd™ order in these complexes to be. closer to two than three. 
Hiiseis In accord with the postulate that the aryldiazonium 
Ca-ELO 1 AN, iS a stronperin-acid. but weaker ;o-donor than CO. 

CompoundsSeOtmuenicatypesare Lelt  tompe spectiacally wor 


iiterest as Modelo —ormtransitaon metal-nierovgem systems. 
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-CHAPTER I 


REACTIONS OF TRIPHENYLPHOSPHONIUM (MOLYBDENUM 
TRIGARBONYL )*GYCLOPENTADIENYLIDE WITH THE 
HALOGENS AND MAIN GROUP IV METAL HALIDES 


AND MERCURIC HALIDES 


Introduction 

Thevabality of many. transition element atoms to func- 
Pion as Dasesean nor lanovetallic compounds.” has longe been 
meécorpnized through =the reactions -of the common organometallic 
anions with organic halides and main Group IV metal halide 


¥ : il 
GeErivatives: 


Na” ["-CpFe(CO) ,]” Ce ee On ae eal (2) 


Na“ [Mn(CO) .] Peeneeug lee Ph snhin( GO) Nacly (3) 


Similar reactions between these anions! and other organometal- 
ice COMPOUNdSe aber wnoOWwne LOVOCCUT, Tesultane sin the: formation 


of metal-metal bonds between transition metals. 
w~CpFe(CO),1 + Na” [Mn(CO) .] —— ™-CpFe(CO) ,Mn(CO) , + NaI (4) 


In ail of these) reactions, the- anions may be regarded -as 
bewis, bases, inewhich»a lone pair of electrons is localized 
on the central metal atom. For transition metal organometal- 
ieMcCOMmpOnidc,  aicsce tone CLeC tron palrseare normality con- 


sidered to be stereochemicaily inactive, unlike those» of 
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ammonia. anes, wWalLeY..etG.. However, adespite, the, lack, of 
Se tut level cluces OM Tone Dalirs sO tredectrons,t 11.45 
Revereneiess ice ul tOethink ot «the organometallic anions 
as Lewis bases. 

this ty PemOne base = pehaviouloas Note restr ietcdst oa the 
organometallic anions. Many neutral organometallic compounds 
have also been found tovreact with Lewas acids .such as.the 
Procon,, and the mercuric nalides’. 


CF,CO,H F ; 
[n-CpFe(CO),], —-~—“ ["-CpFe(CO),],H © CF,CO, (5) 


HGsh 


Os (CO) ,(PPh,) ——> [HOs (CO) ,(PPh,) 5)" HGle® © .(0) 
+ 
PPihz 
M(CO,(PPh), + 2HgCl, ——p] SM HCl; 
GG | HgCl 
PPh 


Mate (G74) 
=Ru,Os (9) 


-These compounds too may be regarded as Lewis bases, although 
aeainene srereocnemicailiy active lone electron pairs are 


kKnOWn toOmara ses Agicutral compound icoming <ipto this category, 
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and one with which we will be concerned directly, is the 
complex, triphenylphosphonium (molybdenum tricarbonyl1) 
cyclopentadienylide. 

TiewDas TCmuy yore the central mevtaiaatommain (triphneny. = 
phosphonium (molybdenum tricarbonyl) cyclopentadienylide, 
(henceforth Cpylid Mo(CO).), (1) first prepared by 


+ 


PPh, 


Wilkinson and co-workers,” has long been recognized through 
Sherer Guions om ciescomplexuwith Stronesacuds, boron tri- 
fluoride, ?° and trimethylalanet? abthoughweyi dence anithis 
latter casceiavours. am adduct. formed via a terminal metal 


Canponyl Croup sr atnemeathian directly threuch the metal, atom. 


Cpylid Mo(CO), + fee 1 Gny id Mo (H) (CO) ]” 


Cpylid Mo (CO) , + ees Cpylid Mo (*BF,) (CO), 
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2Cpylid Mo(CO), + Al,(CHz)¢ orks 2Cpylid Mo(CO) ,CO+A1 (CH) 


This, however, could be an anomalous reaction, since 
organoaluminum compounds are known to favour coordination 


tomcarbonyl- oxycengstratherj than. transition-metal atoms. /4 


15 have shown that 


More recently, Cashman and Lalor 
the complexijwill undergowanioxidativesaddition,reaction with 
brominestofform aspreasonabiy stabde.1<1 halide salt, asjiwell 


as adducts with Lewis. acids: such:as» the mercury (II) halides. 
Cpylid Mo(CO), + Br,——® [Cpylid Mo(CO),(Br)]~ Br’ 


Cpylid Mo(CO) + Hgl, ——® Cpylid Mo(CO) HgI, 


In? thas “study, tie reactions with the halogens have 
Deen investisatedsiurtner, and extended) to anclude those 
Wichnesome,o1, Che meainaGroup LV metal halides. cin addition, 
the mercuric halide derivatives have been again prepared, 
iieaieacuempt tOmeiueidate whether or nots they may be 
regarded as ionic compounds, or simple Lewis acid-Lewis base 
gacuc ts = (anda ia): 
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Results and Discussion 

Wathethe exception ofthe mercurichalide derivatives, 
isolation and purification of all the compounds prepared 
from Cpylid Mo (CO) z was hindered by the. failure of these 
Complexes: sto terystaliig o arrvespecti ve oP the: solvent systens 
Usted, 

The halide’ ‘salts. obtained were prepared’ iby: direct 
megeLion“ot-the- treerhalogen “and Cpoylid Mo (CO) Tie cle lege 
molar Matioi atitroom sGemperature am imethyiene chloride, iwnder 
WeErOgeis Ol lyignowmerne Forloniide Was saneexcesise of “fixes hal’ - 
gen used, whilst for the iodide, care had to be taken that 
NOMeEXCess OL tlOodine? Wasspresent,! wi ést Ghettira= iodide’ anion 
Dems. ormed.e" InveachWease asthe reactzon wentha2imos ins tantane- 
ously, with the solution rapidly changing colour from yellow 
tomdecepi ned. “Not gasmevoluulon was Observed. 

limeépenerais, Che weac tion. mixture ewes mapne tically 
Scirneditior pproximacely Stwentyinminutes® totensure completion. 
aids thet protuek then workedsup2iby- thi trator og tthe? solution 
and sprecups tatiomter juhetsaitiqithila Ware texcess> of N-pent- 
anc.ec Duestt omtthernonice nature: of thempnoduets andtetherlange 
anion-cation size difference, a series of oils was obtained. 
Dre: dodidervsa bowasan'solatedias a) finermaicrocrystalline 
SO lsdibyexr cerystald iva ta onl of stheijoilic nom aicetone/ duethy) 
ether. This method however, was unsuccessful when applied 
to thewbromideandiciiomide.® Thexlatter proved to, be. ttoo 


unstable as an oil to be well characteraved, although the 
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former iwas(characterizedafter call, tracesi:of ssolvent had 
been removed by keeping it under high vacuum (0.2mm pres- 
sure) for 48 thours .ocIreatment rof ceach of -thé  salitswith 
Pod hin tetraphenylborate in methanol gave the tetraphenyl- 
borate salts, which. were isolated as microcrystalline powders. 
Comparison of these ‘compounds was facilitated by their 
PueaterOveval stability. relative to the simple halide 
Salts 

The wha inde. denmvatives rofceermantum tel V) rand ctrnin( TV) 
bromide and iodide.were prepared in like manner. Again, it 
Mas tlLoimd yore erable to Chanacterrzetaliepreducts: asxoids:; 
favneracnanesolids' ae .euUnLontund te bhi nthe ymoduct chdethe meac- 
tronibe tween Gel, and Cpylid Mo (CO) , was (found moje to igive 
the rexpec ted canalytireal mesults;ceven though rtsisinfiravred 
Scot LUMaWwas CONST St cinuowi cil athe “Expected monic derivative 


[Cpylid Mo (CO) 11” Gel Initially, this was thought to be 


Sie 
due to some decomposition of germanium tétraiodide in the 
Reaction Solvent (mernylene chloride). ~However; ‘upon carry- 
imesout the reaction in methanol, in which Gel, iS SOO un 
appreciably soluble and stable, a product was obtained which 
gave oh analy sno malmost sident ical) to tthatagt thhe séartirer 
senplie smelTiisewas frurther found ato ibe thereas ¢ifor «a auimber 
of samples prepared in either methylene chloride or methanol, 
using Gel, and Cpylid Mo (CO), from tduslterenvasoumeces : 


ANdductssofethe mercuniicdhalides werexupreparedcdimectly 


in dry acetone, from which they could easily be precipitated 
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by addition of a small amount of n-pentane, as microcrystal- 
Time spowdersinalheytproved yte *bemiairly rinsoluble in most 
Organie solvents, Mthe décreasing tordercofesolubility ‘being 
Cpylid Mo (CO) .HgI, > py bid Mo (CO) zHgBr. e Upy Lad Mo (CO) 
HgCl.. 


Analy ticaltdatastiortalilyconpounds-arelpiven invTable I. 


Miirane dil sspec tra 

Assuming= 2 .zerovalent loxidation state for the-central 
meta lbPatom ein (theseonp lex Cpylid Mo (CO), it may be seen 
thaeethe ylidm@iaegand tisViormaltyoréequareditosbée atsixtelect- 
ron donor to the metal atom, in GOnsiecquience Of thetefPeective 
abonue nunberirules. GRoryrhistreason, salthowehsthesy lid ast - 


: 14 
self may be considered as a composite of the reasonance forms 


bonding to the Group) IV transition metals is normally assumed 
to occur Via Lor be wesince: This satiusiies the electron 
requirements of the metal, while at the same time stabiliz- 
ing»the cyclopentadienyl ringwot the ligand: through enforced 
aromatic character. Evidence “for the electron density thus 
imposeds on \the metal) is provided by the low frequencies of 


the infrared active carbonyl stretching modes cas = 1904, 
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1808 cm™+) ofscpyird Mo (CO).z, as*compared with the isoelec- 


tronic compound benzenemolybdenum tricarbonyl ewes = 1991, 
teak 
)s 


formeadductsimasrmentionedeapreviousily, 


1919 cm. asuwelleasubyttheatendency yet pthéscomplexfto 


The reasongtor the haghanegativeachdrge amposed)honrthe 


10 for the 


metaivhastbeen jrataonalazedsbynkotz. and! Pedrotty 
protonatedycomplex,vassumingsiteto have bonding; characteris- 
ticsesimnidarttobis(7-cyclopentadienyljdmetal hydrades 
(erons m-Cp,ReH) , which wouidtrequiréehsaxavaience electrons 
toeremain onSthepmetalnfollowing) bondingsto-the ylid-«and 


carbonyl. lagandss) | Presumablygcoordanationtof anprotoncothen 


OcCeurs#viaeonerok Lhesthveesremaining parrsdofeelectrons, 


Pivingea CcComplexrof C. syumetey, (iVjeinkerentionsotmthas 
“PPh, 
eS) He ) 
ie ke pe 
aie 
a 
CO 
CO 
IV 


configuration in the unprotonated conpd execires top thespresicnce 
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On Stereochen 1calilylactives lonetelectronopaixr sais; il dinvour 
view, doubtful, since the carbonyl stretching modes of pure 
Cpylid Mo (CO) . exhibit two infrared-active bands both of 
which are symmetric in appearance, consistent with Cz. 
symmetry, instead of the three predicted from group theory 
Vemeathe ‘stmuetune of bowenasymme try (me (in actuality $1i£s the 
Substveuentaot sthercyclomentadienerringsishconsideredy athe 
symmetry of the complex must be regarded as C.- However the 
deviation from pure Cz. Symmetry, i1sethought tovbevinsurri-=- 
GHenuReowicausensplittinesorethe Lowenginequencypadsorption 
into two bands, although tescould exotamnethe Bbreadthdof (this 
bamdgeaas measured in; sSolutzon.) Pure Cpylad Mo (CO), is 
Provably wieretore best @eoarded as being fairly symmetric 
Mince CuGC el) eS die tor Uhie TsO0eleGeronie Gompound 
benzenetricarbonylmolybdenum. 

Generally, we have found that formation of halide salts, 
Ore Coy tid Mo (CO). causes thes active Carbonyl modes: to 
Shit COUN lewmireqUcncles, as: might Devexmccted due to -the 
Tenoyval Of eleceron.density from the trans uci onametal; -at 
the same Cimey; tie ower-arequency carbonyl & mode broadens 
cia werequentlyespUbtcmclmeterently «tO be mesolved sas “Ewo 
Dabtially overlapping, aosorptions, even aayemethy bene chloride. 
Dhemoesitionsvor <liemcanbony adsorptions mre (Gonsistent with 
ENOSeCBODSCIV Camp revrousiy, for the bromide deravative. 

ihe sipla tuimesontthne lower=tfrequency .carbonyl.eband is 


as-fexpected for an foverall ereductromrof molecular tsymietry 
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to C.. Unfortunately notdefinite evidence «1s ‘avarlable as 
tovthe iprererred configura tionsof vanymofitheseusalts. Assum- 
ing a geometry based on seven coordination!® the yiid coccupy- 
ing three ‘coordination sites, twosstructural possibilpties 


17 erfluoropropy1°® and 


arise, by comparison withethe cethy by; 
dimer? analogues of w-CpMo (CO) x. One of these involves a 
oud) type COOTrdination Letraconal-—trigonal jbase in Character, 
Viewetier carbonyls tanavnalsae. placed at. the, corners of the 
Suuoieuiioa ne vyurdeaatetie apex; the other volves ai5::3:2 


Checapped O@Ltahedral form, with the halse@esoccupying the 


Mnague position, #trans across the molecule te the ylid, (V 


and VI). 

is - . 
PPhs X PPh, X7 
Mo Mo 

Se 

oF / \~eo a] 

CO 
ee X CO CO 
X 
KeaC UB ral 

V Ge VI 


Of these, the tormeryseens: the {morediakely, gbytahalogyfwith 
n-CpMo (CO) CoH,’ However some distortion of the molecule away 
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SEnucturembenthoccun, adueytoithe bulkiness jof.the.triphenyl- 
phosphine group attached to the cyclopentadiene ring. 

The derivatives of the main Group IV metal halides may 
be formulated as salts in two ways, either with a simple 
halide anion, or with a more complex metal trihalide anion 


GVitivyand Vil lb) eyalheyohoseisimilarity jot the anirared 


++ ess 
elas X 
Mo 
oe 
CO CO 
CO MX, 
i= Bale 
M=Ge Sn, 
VIJ VIII 


spectra lof these compounds to those of the simple halide 
dérivativesecavours) theslattereformulation,ehowever;vsance 
foula cayenne tet VeandaAVel J kthe-cataonic speciesp,isrthe 
same in either case. Hence similar infrared spectra would 
besexpecteéed. 

Bory theemer curva] )slalidesadductsoesphittingeofythe 


low frequency carbonyl E mode is again observed, with 
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separation of the two absorptions in general greater than 
tNal Orecnc COMrmespOndingehalices.. the relative carbony | 
band positions for the three complexes indicate the increas- 
ing order of Lewis acidity for the halides to be HgCl, 


HgeBr HglI.. TMepirespeetrao1- these, compoundszin methylene 


Ge 
chmorides or nitrobenzene did not exhibit any carbonyl bands 
due Omi) Ccmapy lid Mo(CO)., Lhusavenainy tos Tule. ouda 


drscOcwative equllibaium ofthe, form: 


Cpylid Mo (CO) ,HgX, q—© Cp ylad Mo (CO) z + HgX, 


WhtCh nas beenHOnpsSerVved tor Otlier simple adducts of the 


mercuric fame eens: 


fiterooula be imterprevea as evidence 
Pore tne presencesor Am  satts {2.6.) UGpy tad Mo (CO) ,HgX] *X”) 


rather than pure adducts. (However, see below.) 


Conductivities 

The conductivities in nitrobenzene solution (Table IV) 
Or tiea products sOrenedction. of Cpylid Mo (CO) z and the halo- 
Peiswand, ieaneGroupmlvametal halides arenaii) of the order 
Gxpectca Or id salts.1® 

The conduetinmures sO Le tne HgCl, and HgBr, derivatives 
Could noe be micascuneds with accuracy in, either nitrobenzene 
oryacetone’ due to their low solubilities. “However, rough 
measurements indicate the conductivities of all solutions 


Conve Mecr Close tomenoseroL, the pure Solvents; therefore, 


the adducts are essentially un-ionized. For the Hel, 
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derivative, the low molar conductivity value favours formul- 
ation of the compound as a simple Lewis acid-Lewis base add- 
Vet. (ie GeainereGhianeaesa lie ( Lb). lows eWOould beaineaccord 
Witt emt atti thot teicl10n OO. 4 Cpy dig Mo (CO) . With idetWO: 
POLGmex cess not HgI, only gives Cpylid Mo (CO) zHgI., rather 
than [Cpylid Mo(CO) zHgI}”" [HgI,] . Similar behaviour with 


HgBr. and HgCl, has also peenwobsetveds 


Nmr Spectra 


The nmr spectra of all compounds have been assigned 
ites DiLea lll. bn mnoste coces thesAA BB enesonance pattern 
Ofet bce prot once Ci ihersubsts tuted, cyclopentadienec. ry ingewas 
Note GesOived wpiiniv lyadue;to,the,lowssolubalities of most 
derivatineswinkthessolvents usedstoyobtainaspectra syresult- 


ing in weak signals. 
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EXPERIMENTAL 


All reactions were carried out in a nitrogen atmosphere. 
n-Pentane and n-hexane were dried over sodium, and methylene 
Ghloridesoveryanhydroussmagnesium sulphate.+,),Diethyl-ether 
was used as obtained from commercial sources. 

Cpyaad Mo (CO) Wasapueparedabyathesymethod,of.Kotz.and 
Pedrotty./? Triphenylphosphonium cyclopentadienylide was 
used as supplied by the Aldrich Chemical Company. Molybdenum 
hexacarbonyl,-chlorine,. brominé,and-iodine, sand sodium.tetra- 
phenylboron were used as obtained from commercial sources, 
Withoud) furthersepuritication.«s\lhe mercuricthalidesawere 
lecd#aswobtainedetrometnestasher Sclentitic Company. 


Nes and iodidet” and germanium(IV) bro- 


Tin(IV) bromide 
mide?” and iodide? were prepared, by standard methods. 

Microanalyses were performed by the microanalytical 
JavOTALOumweOtethasedcpariment:syiniraréeédespectragweresmea- 
Spredauisinfeas Perkin-Elmer; 53/agratingespectrometer,and 
Recopdedsineexpanded form-onea+Hewlett=Packard7712/7.,A 
reocorderacaiabratecdavsine Cicghexr, cascouseC® oF .DBr..aNnr 
measurements were made on VarianA56/60 A, VarianHa-100-12, 
or Jeolco Minimar 60 instruments at 40 + 2°C. Conductivities 


were, determined. using. a-YSI, 5400; series,conductivity cell 
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Preparation of [Cpylid Mo(CO),X]"X” or [Cpylid Mo(CO) .X] "MX; 
where X = Br, I and M = Sn, Ge 

Typically, a sample of halogen or metal halide (1mmole) 
Wasmaddedi diréectiy to: a. soluti on*o£f Cpylid Mo (CO) z GO: SSM, 
Iimmole) in methylene chloride (10 ml), and the mixture stir- 
beam rapidiys torea0enmanutes: TAtter-fidsteringe,§ the product 
Woo Lough t. OUL OL esolUubLOnwDy the addi ti0n,.01 a slarge: excess 
of n-pentane. The oil obtained was then shaken with small 
DOr CiOmceote die thyIGecuneresC2tx (20) mi) jMohesetheri idecanted, 
and” the. product draedvunder*high vacuum (0.2) mm; 48 hrs). 
ahas* procedure normal ly-caused’ the*oil ito beconie ‘a rather 
aryiasiapnt ly@sticky solid, which despate wuts ‘appearance 
was found to be satisfactory for analysis. 

Orieweat tempts: tlompuriity- thee products: were? bess ‘success- 
PUL = Pori¢ ication by, chromatography: could, not™beecarried 
Gurl, eSince=thetsaltse tended toi. be? Strong yeadsorbed: by> ‘even 
mitd-columisbasessuchtas™salicaypelt® Reerystalliazation''from 
S0ilventesystemsssuchyas methylene chioride/n-pentane, methy1- 
ene chloride/diethyl ether, methylene chloride/benzene, and 
acetone/diethyl ether was also, unsuccessful, the product 
Reyantahiy Coming, ont or JSOlUtion, as anyoalietsyrather than a 
solid.m Chepexceprronmiomthisswas themiodiderderivati ves, 
which was successfully recrystallized from acetone/diethyl 
ethers. Many-of thewderivatives-of the maine Group. LVonetal 
halides could be obtained as “semi-solids" by slow addition 


of a®methylene ‘chloride solution of the product ‘toa large 
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ence ssiofrda ethyst iether -’helhe» microcrystadlane,solids so 
fouWe aiwmer Geahound wickteri durbty atdion, ito ibe, aim actuality, 
coated: with. a sthin:film of .oi1,,which made, their. removal 
ioom ja sn nie n dartiiicu ht.2a Thus chespite: the, appearance, of 
tremprodcuct obtained, the most satisfactory method: of isola- 


tion of these compounds was found to be that described. above. 


pieparamon om [py trdiMo(cO) Xl. B(C He), X= C1, Bry J 

Methylene chloride solutions of [Cpylid Mo (CO) ,X]"X" 
(e-Ci,, bu, 1) wene prepared: by «the above method. (The chilor= 
ide salt was obtained by passing ‘chlorine gas into a methyl- 
Epescumoride. solution, of Gpylad Mo (CO) 2.) Following removal 
Of solvent on a rotary evaporator, the product (immole) was 
dissolved in a small quantity of methanol (12 ml) and a 
S0lurion Of sodium tétraphenylborate (0.34¢, Immole), dis- 
solved in the minimum amount of Seen, added with stirring. 
A preci pitate rapidly formed, which was filtered off, washed 
with coid methanol (OC, a enemy wa td dried under vacuum. 


GO2 Zoom. 4.5 “Ars. )) 


Preparation of. Coyiad Mo (CO) zHgX,, Wee GO aror., rancid 
A sample of mercuric halide (1 mmole) was added with 

Stimmine to an, see1one Gli ml) solution sor (Cpy lid Mo (CO) z 

(0.5 g, Immole). Immediate reaction occurred, with some preci- 


Pevetione ote the mercuric) cilorice deravative.. Precipitation 


OL the Hrodicn Wasecompueted by the-addiation of n-pentane to 
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the acetone solution. The yellow solid obtained was/filt- 
ered off, washed with diethyl ether (2 x 3 ml) and dried in 
vacuum. The mercuric iodide derivative could be further 


purified by recrystallization from methylene chloride/ 


n-pentane. 
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CHART ERedil 


REACTIONS OF THE NITROSONIUM CATION WITH 


BISPHOSPHINE TRICARBONYL IRON 


Introduction 

ENG wi sOlLa Chole On ad Dis plospninen 11 OM atearpony L 
NetLOSy lecalVON was wivst = eccoraed by Crooks. and Johnson“? 
ine boOS. Ine Metnod OL preparatiol iInvolvedstreatment Of 


Drs criphieny phosphine uricarbonyl Iron Ciener with a nitrosyl 


iatLae OL Cinturovem teGroxide, —1Vine ready sdisplacement 


(Ph,P),Fe(CO), + NOX —> [(Ph,P) »Fe(CO),NO]"X” = rele 
(Xe 2 lesa hr) 
+ = 
(PhP) Fe (CO), +N, [(Ph.P) Feld) NO] NO, 4+) CO 


6f, Car Don Monoxide and aormatton Of the Complex nitrosyl salt. 
On the basis of infrared evidence, the cation was assumed 
LOPOEMLCOstIUCtULel Wien tic 1SOCreCLROnIC Compound 
24 
(PhzP) .Mn(CO).NO, (ERO 
PPh 
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More recently, it has been found that replacement of 
a transition metal bonded carbonyl group with a nitrosonium 


one Caniotcuradirecttys through) usesofyacsuitablehnitrosonium 
LiLo 


such as NO"BE, or NO" PF 


salt 6° 

In this work, the reaction of nitrosonium hexafluoro- 
phosphate with bistriphenylphosphine tricarbonyl iron was 
studied, and also withother bisphosphine’ derivatives in which 
the phosphine is "asymmetric"** Cene ey, MePh.P) in an attempt 


tO Clarity thesprobabie structure or these cations sing 


nmr techniques. 


Discuss Ton 
Preparation of bistriphenylphosphine iron dicarbonyl 
Drerosy] Cation irom the neutral tricarbony! and dinitrogen 
Colton t@c Ore litrosy pnd ircue,.  1naswbeen found coy eive, the 
desired product’ in only-approximatély 50% yie1a. 7° 
Using nitrosonium hexarluorophosphate:.as the source 
of NO, the yield may be improved to 68%, with the added 
advantage cnat “the reaction poes readily at room temperature. 
Althouch acetonitrile ss normally used~as the solvent in 
thts type Of Peaction, due to Che rapid decomposition of the 
HELTOsonium Caciron Lo other media, 1t hass@becm found an this 
Gise, tat tne reaction proceeds edudaliy weil, in Chioroform. 
Presumably the rate of attack of the nitrosonium ion on 


the substrate far outweighs its own rate of decomposition. 
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products in which the carbonyl ligand is replaced by 
WO IK 


co-ordinating solvent, as has been found for acetonitrile 

Analagous treatment of bis(methyldiphenylphosphine) - 
and bis(dimethylphenylphosphine) tricarbonyl iron was found 
to gesult in -considerabl yadit ferent sproduc ts. 

With bis(methyldiphenylphosphine) compound, the main 
product was found to be neutral bis(methyldiphenylphosphine) - 
dinitrosyl iron, (MePhP)Fe(NO).,, exhibiting only -two nitro- 
SyclgisieneeGhinuet tequencLes Jin the »inprarned .spectrum,,,.. This 
Compound ‘was 7fainlyess table .in wthessolid-sstate,saithough its 
solutions decomposed slowly in air. 

With bis(dimethylphenylphosphine)tricarbonyl iron, 
the major product was again the bisphosphine dinitrosyl deriv- 
apryc. calhuswwas found, to-be considerably less, stable than 
the: methy ldipheny phosphine -analogue, sespecially w.ingsolution. 


Okamoto has shown” 


that treatment yof,1r0en pentacarbonyl 
with nitrosonium hexafluorophosphate yields solely the 
MOtstune-sensitiversalt.~ferrous «hexafluorophosphate., -It 
would,thus appear that .theusubsitution:of£ a carbonyl by a 
phosphine in the Fe(CO); moiety promotes the formation of 
stableynitrosyl,complexes, jpossibly.through two general 

Bt Cetsuhe lente nstyOLythesesispthe strengiheniag.of the 
metal-carbon monoxide bond due to the weaker n-accepting 
abilityeof the-phosphinesrelative.to thatsof,carbon,mono- 


fa8) 


Xades thas might bes,expecited, to.inhabitathe»loss,ofwva 


largeanumber-of»carbonyl) ligands; in, the.molecule, 
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effectivelyidimitingstheramount. of substitutioniwhich 
coundddoccur: 

ihelsecondirsypmimaralyeantelectronielerféct. The 
basicity of the central metal atom in the phosphine com- 
plexesoasehi phergeagain mainly iduetontheoweaker.1;accept= 
ing abilmty ofeihe phosphinesyeutThis: toe should? favour tthe 
formation of a nitrosyl compound, since the better t-accept- 
ine abilitypotinitrac oxiderrebativestotveanbon monoxide” 
Gouddsresulbt-umesomegcenevalmofothehexcesspoetiecc tron 
densetyslocaipsedten thesmetal. . Ansecondaryneitectrof 
thistwould,alsocbesansincreasé in the rate of*formation 
ofa nitrosyl complex, assuming the rate determining step 
PotbemehectrophilicgartackPoimthennrtrosonium vontenmthe 
metal carbonyl. 

he Stsealsonotsintexestetornotetthat inanoneuc£s the 
Gases considered twasmanprnoduet tisolatedsinewhichtsubs titution 
Ghyagco+ordina ted iphosphianes xcather ithanecanbony)> chad 
oecuveds7elbresumabbyathe mores trongly “oabonded phosphine“? 
usemvenenal lvelicssusisceptrbte tote] ection yiromatheamnole- 
eule. 

The apparently anomalous product from the reaction of 
bis(triphenylphosphine) tricarbonyl iron and nitrosonium 
Lone cGmparedwwreh thesother (phosphanetdenivatbives ,misitworthy 
Onrcommenrogult is Pai riaeultOtosascrrbe: the preperenti al 
formationfof anfive “co-ordinate mononitrosyl rcation rather 


than ahbour coasondinaite (bisphosphine idinatrosylusolely .to 
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the stereochemical requirements of the triphenylphosphine 
vupand,. since: tthe’ latter compound may be’ readwvly prepared 
as a stable solid from dicarbonyl dinitrosyl iron. 7’ 
Simelanl ye ithe ‘combinedvetrects; of variation in basicity~° 
and n-accepting ability?” of, the™phosphines, (PhP, MePh.P 
and Me PhP) appear *torcause- insurrirewent variation iM the 
carbonyl= infrared.active: ‘stretching modes (Table V1) of 
the bisphosphine iron*tricarbonyls to assume that ‘the 
neta l-earbon= bondmorder an any ofthese: compounds 2s ‘app- 
reciably differentt2 9 Thus the? triphenyiphosphine derivative 
Hee bDewavamn expected =co: tollowsthessane reaction path- 
Ways Paste CS CONGCCHEL Sm DOSSTOLE EX{lanatLoM io mlhact. the 
attack of NO’ on the tricarbonylk proceeds Vaasa Sn, mech- 
antsim, MUVOUVIN Ca Six CO-Ordinater transition state: or 
intermediate. + lhe vsteric requirements*of this could 
perhapsepe thesdetcrminineg factor in the reaction pathway. 
Obviously Sagyl COrelscwLiIneliceinvesticationgos these, reactions 
is Teqguireds, glveicealco worth .anoting thatgiron pentacar - 
bonyd hasbeen, found to react.with nitrosyl chiorade: to 
ceive dicarbonyl,dinitrosy lL iron?” in- contrast with Okamoto's 
findings wethBthe nitrosonium cation. Mids however might 
be duevto thegweaker oxidising abilitygot the chloride. 

The’ ingprared data for these compounds ws of interest. 
For the product [ (PhP) ,Fe(CO) NO] PFE, the positions of 
the -carvonyisand nitrosyl stretching modes are consistent 


20 


with those observed by Crooks and Johnson (Table: VIP). 
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PeeLsmtheretore falmostrcertain thatveither «enethod not 


prepara tiontyielidsrthersame produet: 


AS 


expeateds the 


bisphosphine *dinitrosy) compounds ¢exhibitetwo (ir active 


nicvosy Pistretchinge trequencies,; as, predicted from group 


ticonmyerorta: structure (of C - Syme CR mUnMOnVvdiis Fee tra - 
2 


hedralter siaghttytdis¢orted tetrahedrahyeosordination 


about =the central iron pee 


bherposzt 


1OnS) Of seiLther 


BELLOSVINDandlanithe, spectra, comparéduwith those of*sim- 


idarecompoundsmalse andacatee thee general orderwofen-accept- 


amovabidity ‘of phosphines~> 


Compound no? 
Fe(CO).,(NO) , E810; 
Fe(Ph.P).,(NO). Lads. 
Fe(Ph,Me),(NO). Lie 
Fe(PhMe,), (NO), 1705, 


el 
cm 


—_ 


 IRSTS) 
1678 
1660 


1653 


Solvent 


Cy cloiiex. 


C1,C=CC1 


CHCl. 


CHCl, 


tombexyacain upheld. 


Reference 


31 
2 23 
This work 


Thais work 


The intensities of the two bands for the compounds prepared 


Patties 


(high frequency band:low frequency band). 


symmetry (ir bands = 1A 


relat 


Fe 

aah 
PR, (NO) 
(NO) 


A, 
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work have peen found ‘to be In thre tat1o0'*6.4:10 
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the intensity of a vibrational absorption should be propor- 
tional topthessquane comethenvector ssumeot jie “local dipoles”? 


would place the Ay modewat higher frequency, (X):. 


Nmr Spectra 


The nmr spectra of the compounds prepared are of 
SpCGldalweChesies duewtomthelConnohyspeatraly sy sitemyehich 


pe nda X oH. 


they sreprnesent, i.e.,X,AA'X), where A = 
Although systems of this type are fairly common, some having 
béeem individually streatednat length?” a more :general app- 


Peat ee 


has; shownstha t sin athe: Xiereoi onfod @theyfspect ram, ta 
doublet of separation N = Tay had ayer emda mis ets) of efour 
imineswsymme trical about the centre of rehe xX patterm fshowld 


ayes eyesoy 3) Ore Gholktenotathiertotale mutensa ty fot thie 


XX! 
Speet rumeashoudd jthengae tin =the unique: doub leti, awiteh the 

KeStyisiaced monomeric inset smoot -Laineseapmiespi te thier, ape 
parently comp lex nature, ethe-spectrnapmaysthoweverx isamplify 


tO One Om, twowextiuemes;. namely, iwiiren ITaar | > lay = Try 


TearX ere opon tues reduced: tora ql c2tls 1b plete ws pty Dic aadof 


AaXon spectha , vor adtemnativels, when Jane tends to zero, 
to..a -two doublet resonance signal typical of X AM Spectra. 
35 


Of thesencdsies ~sknownm asi deceptively is imple'yrspectram rat 
least one has been found .to arise for the systems under con- 
sideration. 

For both bis(methyldiphenylphosphine)- and bis(phenyl- 
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Pesonances appeared ase. 1 doublets ois. 5 Hz separation. 
If, by analogy with other known bisphosphine tricarbonyl 
derivatives, these compounds are assumed: to have the phos- 
phanemiveands -Occupyine =the axtal positions of a trigonal 
bipyramidal configuration (i.e. trans to one another), 
then fairly strong virtual coupling between the phospho- 
TOUS NUCICIe Mic  Depexpoetcd, .elvingwrise, wo a decept- 
ively simple Fes batwiplew ain the methyleregron, jor a 


36-39 The fact 


Pattern Of ssomewhet Similar character. 
that doublet ones observed would indicate Jant EO 
DemiuwaGturaliayermery eClosento zero. = ihevdownrield shitts 
Cmeartucmme tive resOnanocesmreldtuve O,thoOse,Ou the ine¢ 
pnosphines (fable VET) reflect an increase in the effect- 
PMewpOStMiurc. Char cehone cure piospnorous nuclei, ~At the 
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same time, the increase in 


although the 
36 


VEOWLN iit 4S. Charagtemeon the P-CH jbonds, 
NeenuLude Ospecie  inerease 15 (kess than thagapredrcted: 
The proton. spectra of the bisphosphine dinitrosyl 
inone compounds, both exhibit, a triplerapattern in the methyl] 

TECULON~s Lee CeNtradeicem@iOmst ls sWoS sDroadwain cach case 
ana could mot be nesolved. 

For bis(phenyldimethylphosphine) dinitrosyl iron an 
X AAT Xe System, thesratio of central peak herght to the 
average height of the outer doublet (Fig. .1) was only 1:3.24 
retheue chant 212 hivs, May be attrzbutce toca fairly ‘small 


difference in the values of Raven and Sax ~ Taye rather 
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(PhMe,P) ,Fe(NO) , 


EG (Ph,MeP) ,Fe(NO) , 
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than the’ Varge separatvovgrequrred forzgeither of the 
uniquely deceptively simple spectra mentioned above. The 


information obtainable from.this spectrum is therefore 


Jimirted tol determination: of Sax +t Tpyrl Luoneciessepara= 
tion;o£f theedoublet, ,and,assignment) of ,an.upper.limit to 

2 : 41 
Jay - Taye | /|Tyarl- Harris has shown’” that for X,AA'X¢ 


SYstemseithehabsencesote fine. structurcarcquires, that 
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height of the central resonance line. | Brom this, 
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axe | a Vie NU eeWnere. Av, m5 athe width at halt 
6} 4 


2 
IJ ax Jaxe| EVD awe lene be estimated, to besless than 
9.8 Hz. A closer estimate of the true value can be obtained 


Trond cONparTSOn Ore thiemratio of the central andsouter 


Hosonanece. peak heights, using. thesmethod. or Finer and Harris’! 


(Appendix). Unfortunately this dependsemainly on the value 


hye wile DL Cannot Deadervermined. accurately, 


L 
For bis(methyldiphenylphosphine) dinitrosyl iron, an 
1 1 
XZAA'X» 


Was 12 .UGeUe 22.06... Thexcondwtion, for nos resolution of the 


Systeme ticalatsoeom peak NCipnee sto the triplet 


central envelope is approximately the same as above, thus 
requiring IIa eae Aieees £0 (We, beScw ta neoec. 
Again a better estimate may be obtained from peak height 


measurements. (Fig. 2). 
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EXPERIMENTAL 


All “reactions were carried out under a nitrogen atmos- 
phere. “solvents were dried “as described previously. ° Aceto- 
Peer be. cecanvaroiapienatene, (deCaliinjae nm octane and di- 
ethyl ether were used as obtained from commercial sources. 
Nitrosonium hexafluorophosphate was used as supplied by the 
Ozark-Mahoning Company. Chromatography was carried out on 
neutral alumina GBDUHS "Brockman, activity I). 

Microanalyses, infrared and nmr spectra, “were obtained 


f7 Ome vie sources previously mentroned. 


Preparation of (PhP) .Fe(CO). 
Mer starting maceraar (Ph,P),Fe(CO). was prepared 
TrOMemITOn penvcacarboOny teand triphneny lpuospaine oy -17lera- 


ture method ene 


Preparation of @h,MeP) ,Fe(CO) . and (PhMe,P),Fe(C0). 

| Typically, an excess of phosphine (50 mmole) was 
added to iron pentacarbonyl (22.9 mmole) in decahydro- 
maphthatene “(5G mi) #and "the mixture” kept-at"PZ0°C for 
Z2°nrs, whrle rapidly maenetically “Stirred.” "Arter cooling 
to room temperatures the solution was fiitered through a 
medium pore sinter”™and’ the filtrate cooled to approximately 
“10°C ineaneice-salt bath. Pale yellow crystals rormed 


hgirely aptly. iniescuverc 11 tered oft, rectystallased 
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from methylene chloride/n-hexane, washed once with cold 
De pemcane- (0S Ce 20 smi) and @dried- ini gn-vacuum (0. 2mm, 
2 hrs). The reaction was found to proceed equally well in 


refluxing n-octane, rather than decahydronaphthalene. 


0 


Nitrosonium hexafluorophosphate (0.08 gm, 0.46 mmole) 


Preparation of [(PhP) ,Fe(CO) NO] "PF 


was added as a solid to (PhzP) Fe(CO) 2 (G25 on, 0. 45 mmole) 
in acetonitrile (20 ml) and the solution magnetically 
Stirredsuntile®all.gas vevolution had ceased (approx. 10 mins:). 
ahe- solution wassritvered and the product precipitated | by 
PicwagartiOm Ol c1ethvas ether (0 mi) theme low micro- 
eivystaliine solidstormed was t11tered off wawasned with 
Grctayd ether (3 x 3cml) and dried- under vecuum (0.2 onm, 
Z hrs). “Using*chloroform as solvent instead of acetoni- 


Cri heevave the esame product, in almostjadentvealmyaeld. 


Preparation of (PhMe.P) .Fe (NO), and (Ph,MeP) ,Fe (NO), 

A sample of nitrosonium hexafluorophosphate (0.42 gm, 
2.4 mmole) in acetonitrile (7 ml) was slowly added to 
(PhMe,P),Fe(CO) (igen. etd MOLe) ei ecCeconimiigt ca (ehOm il), 
The mixture was magnetically stirred until all gas evolu- 
tion had ceased (approx, 10 mins). <ALten feltering,. solvent 
was Temoved on iaurotarny evaprator, “and- the  ,ed oity residue 


chromatographed in methylene chloride on an alumina column 


Wisecie ee. 4 cil) abies product eluted asmas ea band -an 
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methylene chloride, followed by starting material. Recrys- 
tallisation fromm-hexane afforded the. dinitrosyl as dark 
Pedwcry stalls. 

Similar treatment of (Ph.MeP) ,Fe(CO) (UO Gomter2. 0 
mmole) with NO" PFE (0.36 em, 2.0 mmole) gave the analogous 


dignverosy jeas) tite Witie-1edacrystals, 
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CHAPTER II1t 


ARYLAZO DERIVATIVES OF 
BISPHOSPHINE TRICARBONYL IRON 


AND RELATED COMPOUNDS 


Introduction 

The search for a transition metal system capable of 
converting gaseous nitrogen to ammonia under relatively 
mild conditions has, in recent years, stimulated research 
PLO thor ChchiStry Oa mevdl, CO-Ordina ted. nitrogen) compl— 
exes. 

The first compound of a transition metal containing 
the nitrogen molecule as a neutral ligand was prepared by 


Allen and Sener 


jm Loos... Treatment of thas) conpmiex 
tru) (NH )N1X,, (X= Clone BY thle SBE eRh. ea uth 

sodium borohydride was ‘initially found to produce sufficient 
aMmMoniaato indicate, that-ati Least, hadd amode of co-ordi- 
nated nitrogen was being reduced per mole of complex. How- 
ever, recent work has shown that reduction of co-ordinated 


nitrogen to ammonia does not in fact take pile cénvh 


ne that a complex 


More recently, Parshall has shown 
platinum hydride can convert bound nitrogen to ammonia in 
the presence of hydrogen, using an aryldiazonium salt as 


the model for a metal-nitrogen system. One of the products 


of this investigation, ArN,Pt{P(C,H.) 2) ,C1, (XT) 
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PEt 
Cl——Pt——-N=N-Ar 


PEt 
X] 


has in many respects been found to resemble the neutral aryl- 
azo carbonyl compounds of molybdenum, prepared by King and 


46,47 


Bisnette, through reaction of t-cyclopentadiene molyb- 


denum tricarbonyl anion and an aryldiazonium fluoroborate. 


i + = 
m-CpMo(CO), + CH,0XON, bith 1 Cplo (Giese Oo) 0Cia. + 


CO + BF, 
King! ingvttally proposed that formation of this 
type of complex was unique to that anion. However it has 
SiGe peen show) that -cycolopentadi cnemtunesten tracarbony 1 
anion, “© ASHWELL ase SCVeral. MOLre COMP Lex auronss Of mOlyD- 
denum{”? > Can uredcietm the same Mannemeroyprocuce meutral 
Compounds with loss of one carbonyl sroup per arylazo 
group introduced. Only one anomalous reaction with an 
organometallic anion has so far been recorded.>! 
One so. eCuc earliest reactions of a neutral Lewis 
base with an aryldiazonium salt was noted by Cashman and 
talon? who prepared p-anisylazo triphenylphosphonium 


m-cyclopentadienylide molybdenum dicarbonyl hexafluro- 
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DnoSphate -Lrom. Cpyilid Mo (CO) . (tSOeCLeC tronic with 


™-CpMo (CO) z) andethe parent .diazoniim salt, (Lb). 


+ O a pO bm + + CO 
Mo Giclee waar Mo 
Oe BOE 
CO CO CO 


X || 


Liwitenms ob woiscectreng th , Coy ind Mo(CO)., may be 
regarded as a weaker base than n-CpMo (CO) 374 towards pro- 
Conatron. and. 2 ucliehtily, better base. idan. a beter 
nue Leophahe Than er en Ose ine tricarbonyd iron??? 

Howeycr,, in View Of thessimilaraity ot. Cpy lad Mo (CO), 
to-the Jattern compound, especially wiehorespects to. the 


a TE Wise CeCiCcceOU Invest toate wie 


POdMater OO Or ace Gas. 
reactions of bistriphenylphosphine tricarbonyl iron and 


related derivatives with aryldiazonium salts. 


Discussion 
The bisphosphine arylazo iron dicarbonyl cations 


described, were isolated as stable orange-red solids that 
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were thermally =stablewand not oxidized by air. “Soluble in 
the more polar organic solvents, they gave solutions which 
decomposed (only slowly anvair, over apperiod: of hours. 

In general, the compounds were prepared by first 
mixing the solid bisphosphine tricarbonyl iron and solid 
aryldiazoniumfsadt: (the fluoroborate because of high stabi- 
lity) together and then adding methylene chloride to the 
mixture under nitrogéen.9- Immediate gas evolution occured, 
Ceasing after a period) of minutes or sometimes hours. The 
Orange-red solutions obtained could be purified by chromato- 
Sraphy and (eGuystailisation, tO. give the desarede products 
Peco Vac ld. 

the inirared spectra, of all or the tvcompounds obtained 
Cxnipated only. two, strone metal carbonyl stretchine frequen- 
Creo tiie cuy Lene Cilod tccea Similar nepo te Oieancd antens- 
ity tO @hose of the iscelectronic bistriphenyi phosphine 


av) In view ot ‘this, the 


Peonedrearbony] aitrosy lication. 
Structure OL 4 bt compounds: prepared, hassbecnwtenta tively 
assigned as that based on a trigonal bipyramidal config- 
uration about the iron atom, the phosphines, occupying the 
diiad positions and the arylazo-proup omevon the requatoriad 
ones, (X11). ityhas* beens assumed that atiesary f2z0) croup 
copordinates in an endgon (XPLI) rather than: side on fashion 
CMI) stor tie trans teson metal. in analogy eto. CoO: NO? CN, 


afc RNG WR = aryl orvalkyi) with whichiat as isoelectronic?” 
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ui 
| ; 
PPh, PPh, 
XH XIV 


Thes bonding of the arylazo group ain these compounds 

May be rationalised in terms of a derivative of a molec- 
Ulay nitrogen complex, For. free nitrogen, lone electron 
pairs localised on each nitrogen atom mayeaccount tor the 
formation of <a o-bond to the transition metalsvaa, one end 
of the N, molecule, whereas back donation of Peewee en 
density from the métal into an empty antibonding molecular 
onbidta lot (the N, ligand would give rise to t-bond form- 


A RA: 


DiecealyiuacOnorOupemay EnererolemDearcoatded a- 
the product of lone-paix coordination, bywthat nitrogen 
atom Notebonded -to, the transition, metal, to. anoary iy carb- 


Ont <10on. Collman- has Canpended=. 


that No LS a stronger 
: abt eeu 

Te acid ltpan GO] Psamilar, to NOD ine thataboth, arc strons 

T-acids and weak o-donors. This view has been somewhat 

reinforced by comparative molecular orbital calculations 

: ao 54 

for the two ligands. 
The cO-Ordanationtorean, aryl carbonrumeron- co.one 

end of the N, moleculeemightobe:expecteditocalter the’ bond- 


ime tomopevtines; ofathe ligand ainktwoiwams ogekies tly Wy ihethe 
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N-aryl bond is assumed to be a simple cone, then withdrawal 
of o-electron density from the molecule could be communi- 
cated to the metal-nitrogen o-bond, resulting in a slight 
bond weakening. Secondly, the charge on the ligand might 
be‘expected ‘to? increase’ ats “electron-accepting ability, thus 
increasing the strength of the metal-ligand t-bond while 
weakening the metal-nitrogen o one. 

It 1s“therefore™ suggested that in comparison with N,, 
the ‘arylazo"livand may be® regarded’ as a weaker o-donor 
and-s tronger 1 acid.* *Exactly how- the dieand compares 
Wlinevie Natresonaum’ ton 1s *ditficult=to-say.  mowever, (if 
thecarbonyi stretching frequencies of [ (PhP) ,Fe (CO) ,NO]* 
PF (ys =12 0515 10907 cm7+) and=asatypican -a1eazoniuln acer tva t— 
ive [(PhzP),Fe(CO).N Ph] BF, (v = 2030, 1973 cm!) are 
Consadercd, if would appear that “the arsylazo wroup 71s, #f 
any thai. sd SiLien Gly swe kere aacCepcor methane NO, in etois “type 
of compound. 

Thettwo*laepands have*sompe*chenredal™simitara tres: =for 
example®the aryidiazonium salt’ will ‘react-with> triphenyl- 
phosphane*tetracdrbonyl aron’to ‘give a’ bisphosphine~complex, 


does Nouse However, it has in general been found that few 


2Fe(CO),(PPh,) ——— Fe(CO)., (PPhz) . + Fe(CO), 


-+ 


_- toes 
Fe(CO),(PPh,), + ArN,BF, ——} [ArN,Fe(CO),(PPh,) 5] BF, + CO 


of the veactions, of the nitrosoniun Cation scan: beiduplicated 


by the arylazo group. Thus no reaction occurs with the 
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Group VI metal hexacarbonyls, benzenechromium tricarbonyl, 
™-cyclopentadienylmanganese tricarbonyl, or the more common 
metal-metal bonded carbonyl ‘dimers. “One of the limiting 
factors in these reactions is the absence of a suitable 
Sclventelor the: aryidvazoniumisalt. gWheresreaction occurs 
rapidly, as with the bisphosphine tricarbonyl iron compounds, 
the choice oi solvent. is not. toocriticaryesince it appears 
that the reaction rate far exceeds ithat#of-decomposition of 
the diazonium salt. However, where a reaction might pos- 
Siply proceédjat a slightly elevated temperature, deécon- 
POsiULonwver ethegdiazonium salt, even an acewone, aS quite 
Lapidot ar” Instability with respec Maco, Ultra-Violet 


irradiatvon™-has/also been noted, nitrogen loss accompanying 


+ _ 
C) NEN BE, ee (Ot + t+ 85 


ae Of even more mmportance are the relative 


decomposition. 
PF eCOC EOD TICI til eSs@Orgtine 1WO CatlonsS ma eetiemeoDeGun LO 

the rate of reaction with bistriphenylphosphine tricarbonyl 
iron, observation would place NO” as the better electro- 
phile, assuming similar reaction mechanisms. It would there- 
fore appear that reactions of aryl diazonium salts and 
organometallic compounds would be more likely to occur with 
those neutral complexes which may be regarded as strong 


neutral hewis’ bases “(ie e., undergo ready protonation, case- 


ty. form adducts with mercuric halides.” ctchy=. However; 
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results obtained from the reactions of simple organome- 
Ealti1G  aniGnspandearyidiazonium salts are contlicting. 


Tf,theenucileophilacities of -thesmonencommongeanions 


are compared relative to GGNCON sake 
Anion Relative NuCteopna Licity 
CpFe(CO), 70,000,000 
CpRu(CO), 75002000 
CpNi(CO) 5,500,000 
Re(CO), 25,000 
CpW(CO) 500 
Mn (CO), 77 
CpMo (CO) . , 67 
CpCr (CO), 4 
Co(CO), 1 


it would appear that ™-CpMo (CO) . and m-CpW(CO), (both of 


oa) may be regarded 


which react with aryldiazonium salts 
as only weak nucleophiles, of strengths, comparable to 

Mn (CO), and Co(CO),. Thiseis in second with the fingines 
of Okamoto”, who showed the reaction of these ions with 


tHe NItrosonlum cetion to. cenerate “an order ol, Increasing 


Nuc leophala city oc lyeneds. 
Co(CO), < Mn(CO), ~ m-CpMo (CO) . < 1-CpFe(CO), 


Thus it might be expected that both Co(CO) , and Mn (CO), 
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could be made to react with an aryldiazonium salt, contrary 
eo therfindings) of King. */ 
Treatment of a number of aryldiazonium salts with the 
Co(CO), ion (prepared by sodium amalgam reduction of the 
parent dimer in tetrahydrofuran) at both room temperature 
and pO0s€ wasetfound, tonyield a-mixturesofedicobalt.octa- 
carbonyl and bis(cobalt tetracarbony) emercury., Lnseach 
case rapid gas seeieres occurred -upon-addition. of, the 
diazonium salt, followed by a colour change from grey 
copxeddish-brown«\eAtlowing#a.diazonhumn salt. to.stand sin 
tetrahydrofuran, over free mercury *didynot: appear to, alter 
appreciably its slow rate of decomposition. Preparation 


a) 


and reaction of the Co(CO), LONnvAtnime thanods, at,02G 


3Co,(CO), + nCH,0H p20 (Ge OL aer aareo)) le 

was likewise found to give a mixture. of Co,(CO) » and 

Co, (CO), > LeGentitredgpyy thes mantiraredwcyeei va weoims lar 
treatment of the Mn(CO), ion regenerated the dimer Mn,(CO),), 
while V(CO) , was simply oxidised to V(CO)¢. 

It is therefore indicated that factors other than the 
HucleOnonIiCHty Of thesanilonmnare” Ofs GOonsequenceailuresct ons 
Wethaaaylddazonium saits.. “Onevof these 15° the co-ordination 
number of the central metal atom of the organometallic ion. 


a thateforeawei venr eleceronucecontigurs 


It has been shown 
ationse tne MOStafavoured corordinationynumberg i1s4six. Thus 


Subs titutione ore al Carbonyly byjan arylazogeroup might 


siz “ff ep ime 
efs so adtesubeot 4 


(wut evequias mney. ASOR ny 
arse 7 Tedosbh Fo one 4 seis oa 
Jone al .yoetew (ignoiehtdries 21 
(+ to moi trhhn on beetippe-aetals 
(ory nest wwhedo “plese ya twealtody . 

ci buacte at stee wmebneree 5 -piiwnlis 
ol t8eca tov DESO oSe> tase na 


Veer ‘rot Deni oon +a 94 woie 272 WeoRce 


oe.’ @ 


Cie =y 
] rf : POs i} } a > 5 113 { iy Te asi $a aobsa: 
> 


yh :| | bit hy | iw 5 ade = ‘31 ia Fh 7 g 99}, 698 


( i W), . ‘ rules n ; ovig | yeti se iwotkt 3 >: 


1 wears \ Ma j Cres ty Lan? it Et etowbl » , Claes 


>. 
wml 4 SATS hy aM off Io tee 


(og gf Shelbdve ylettea 2ae yonyy : 


: 2S 
hie Sans ; 3 byP> I ('eregns 2f aT 7 


~ 
jo 


qe toi eta fio ta @4? 20 valsiia : 4 ri Oe 
te are (= oe Ce it cJize @ebies adhigrm 
weuragte —lt Deeds. inten iextase Sa Tar =— 

eur 7yi*¢~io9l~s SS 268. 2 stl "9 wea omnis 
i > , deo oohiiieet oes ho vvers. 4408 wld a ie 


tdalm qunig one Cae ve teod2e> aie eos 


48. 


POSSi bly bDe™expecteds to Ccclur More reauily tor those* rons 
of that particular co-ordination number. The size of the 
central metal atom is also of importance. A comparison 

of the ions Mn(CO),, Re (CO), and w-CpM(CO) (M®='Cr; Mo, W) 
would indicate an increase in nucleophilicity with increas- 
mme-metal -atom srzey;"inyeach series: AtPtihe same” time, 
cLhe=tarper!d orbitas associated swithethes harper =mnetal 
atoms could stabilise formation of compounds with m-acids 
Such=as™therary lazomi1 Sands Hence "Chew orma ti On OL such 
compounds by -CpMo (CO) . and m-CpW(CO) , might be attribu- 
tobe tor the fact) that’ they -are ‘ora savounabie co~ordina- 


tion number (iensey met 


are™medium Strength nucleophites, 
Prenoe bases ,-and@wrthyecentral meral atonsesurrreirently 
large-enough for good'-d-back-bondirnp to’ co-ordinating 
froands «9° Where=such 1 avourabrercondd Uronsware nor mets Lc 
HS epossiple thay themion™ ts"eitnen Oxreised by the diaz— 
Onimims sat te ( Cage V(CO),), Gr *TOrms “ane uns table neutral 
arylazo derivative, which subsequently decomposes to 


give products other "than=chose expectedsior Sampie-oxid= 


ation. 41 his could s@perhaps™beYthercase forthe Co(CO) , ion. 


teeraredeoveet ra 


The*insrareéed “Spectra otf *the “prepared ™compounds are 
in agreement with a structure similar to the bisphosphine 
dicarbonyl nitrosyl iron cation mentioned previously. 

Group theory would predict two ir active carbonyl 


stretching modes (1A, + 1B,) EOx saerSisime hier Od. oe symmetry, 
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both of which are observed. The positions of the carbonyl 
bands do not appear to be appreciably susceptible to the 
changes in electron withdrawing or donating ability of the 
substituent on the phenyl ring of the arylazo group, nor to 
changes, in position’ onwthe,ring tof .anyeoneysubs tituent . 
Attempts 7to-connelate «band positions jto: Hammet-laftt ~param- 
eters?” have s~beengunsuccessiul,, although i sis iwor th not- 
ing: thatiall of the nitro, substituted compounds prepared 
do exhibit quite higher carbonyl stretching frequencies than 
ether derivatives... jeGlhe mito, groupes bagnotably \ideaotive 
ating sphenyl group subs trtuent,. siavingelayrge ‘Hamme t=Tart 
Patame tiers). ulhas mich tabe ascribed [to danpreaterm waith= 
drawal .of electron density }from the -central,iron:atom in 
the. Nasbro 4pheny1.4az o-conpounds:erées wl fipvestimy hesisitaback- 
bonding -to the carbonyls and, a corresponding increase in 
C0. .bond order and. stretching sineauency.. 

Lhe N= N oe in these compounds have been 
Ld enkiieie desby aN Subsita tution.) iPyev vousty.y Pars halinchad 
shown > the N-N stretching frequencies in ™-CpMo (CO) .N.Ar 
and ArN,Pt[P(C,H.) 2] ,C1 to) be unexpectedly slow .aniisa ne: in 
the region 1570-1440 cm 4, HOWEV.C Gecde acoie De mcabroii1G 
nature of the arylazo compounds prepared here, an increase 
i Stretching trequencye Over these, values wasesexpec ted!. 

A .compa ris0ns.0 ft heme pieeer ar ofa) | weompounds; in ythe 


reoiom 21,00- 1400 cm + showed a common band at approximately 
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frequency carbonyl absorptions. Preparation of phenyl and 
p-nitrophenyl diazonium fluoborates from a sample of 95.61 
atom % sodium Ce Nivoant te,~ ands thena reaction to formethe 
bisphosphine dicarbonyl iron derivatives caused this band 
ii 


in both cases to be lowered in frequency by 25 cm. (Math- 


ematically predicted shift = 28 cm 4 


jene Nop ehange) in .carbo- 
nyl, Stretching .prequency) duc, to, coupling was, obsemy ed, 
withane the; timitseofemeasur ement’,. for eather compounds, The 
Ne® street chime, frequene: esijotiad | others derivatuyest have 
Pheretorerbeen.a sis jonedist oO; the. unitensicep bandse im=s;thaisi region 
Onmthenepectrum(Table dxij._, Acain, the positions of the 
bands do not appear to have any simple dependance on the 
electronic, properties Of the phenyl vine substituents: 
However, Jit may be Seen that theoN-N Stretch appears to 
SHOW=a Geverse e€Lrece=waecn substeuent to thataot thesc-0 
Stbecen. hus tie Nitmwor derivatives haves ticeniviesu G20 
Preguencies Dubethewiowes CaN-N-trequencies, This might) be 
expected ror 4d (stronely deactival ine sesubseurtuent,=.since 

VOSS. Or n-eClectronydensauy tn the phenyl rine ould increase 
noacidit Voit thevarviazo. ligand, tChussinerecascing ie anount 
of n-back-bonding trom ithe metal, decreasing the N-N bond 
order and hence presumably reducing the stretching frequency. 
The position (Ol -the -Nsabsorption would certainly andicate 
a bond, Orcer Closer  .tomtvontnan tires. Niether Uti s, would 
Tesi t wi a Dene rather than linear metateN-N abond remains 


to be seen. It has, however, been shown that for one 
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complex of the isoelectronic ligand methyl isocyanide,°> 
no bending of the metal-C-N bond occurs, even though exten- 
Sive mn-back-bondingvirom the metal to-the ligand is indi- 
cated, 

Phe imrvrered-ispectrum of thesproduct of ithe reaction 
between bistriphenylphosphine tricarbonyl iron and p-diazo 
benzidine fluoroborate exhibits only two carbonyl and one 
ecO, Stretching Erequcncices, ‘similar to ene monomeric ary.- 
azo derivatives prepared earlier, | The simplicity of the 
spectcemn favours ~~ highly “symmetric structure for this 


compound, such as that shown in XV. 


PPhs PPh 


XV 

Due to the similarity of the carbonyl and azo band positions 
in thesinrrated Spectrum sto those Of MicehonomernlG anvilazo 
species, eit 15 thought that the compound Uo ybest: regarded 
as having separated unipositive charges Oeil Sed colmtic 
metas atoms at cache endyotethe molecule: 

Conductivity measurements in nitrobenzene *have ‘coni- 
ermeccuthe proce t to perael:Z clectrolyte Caer 1ImM, 


conductance = 56.2 mhos ennoles) —). 
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Nmr spectra 


Assignment of the nmr spectra of these compounds is 


roucine. Ghemicalrvshitts have been. tisted in Table xX. 


Son 


EXPERIMENTAL 


All reactionsswere carried.out under a nitrogen 
atmosphere. Solvents were dried as described previously. 
Acetone was used as obtained from commercial sources. 

Phe, diazoniumetetraniuorobonate scot cote O--,.-m- 
64 


and p-nitroaniline; °> Oma ta and patoluidime. Dig ll ss. Ld Ene 5 


67 


O-amino methyl benzoate; °° and benzidine WeLeep Len ared 


lL eeneiched diazonium 


by standard literature methods. The 
tetrafluoroborates of aniline and p-nitroaniline were obtained 
by these methods from a sample of sodium eos Dato7 te 


Wooo rncou be 


N) etacguaredsinomsMercky, Sharp voabohme ltd. 

Bis(triphenylphosphine) tricarbonyl iron and bis(methyl- 
diylieirL viesphiine) stricarbonyl irom were prepared as des- 
evibed previously. 

Chromatography was CakGLed out pon Beulur aed imine tH , 
BeoGkinan «sa Gui it yi hb) 

MicroanaiysesS,ninErvaned sand anmr jspec tra pwere acquured 


from .the -same sources as.before. 


Preperation yoL .bisphosphine iron dicarbonyl pany lago wtetua - 


fluoroborate 

Iyprcathy, anlecxcess,.of aryldiazonium tetrad uorobornate 
(2 mmole) was added as a solid to bis(triphenylphosphine) 
tuicacbony. -iron..60,,604en,.L  immole)- d:ssolved in methyLene 


chloride (10° m1): with VIcCorous Magnetie stir vine. Rapid 
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Pas evolution occured. After stirring form twoshours, the 
orange-red solution was filtered and chromatographed directly 
on an alumina column (17 2 2.4, cm) in’methy lene chioride/ace- 
tone (1:3 by volume). Unreacted (Ph,P),Fe(CO), eluted as a 
Veltow band, ,rollowedp py the desired product as as ined 

band, in pure acetones Considerablemeas evolution occured 

on, the column, /either=due to the’ boiling Be solvent caused 

by adsorption, or, to the decomposition of sunreacted.diazo- 
nium #salt. 

RECOV ereducino tie Volume Ol -acetomer py esentm Ora 
Winimum On,;a rotary eyaporator,eat room temperature., methy1- 
ene chioride (iZ°ml) was added, ithe solutron frltered, and 
aon quailti ty .oe Napentane sur thepeadded. Cooling sto 
be GC gatordaded fine orange crystals of [(Ph,P),Fe(CO) .N,Ar] 
BF,. 

Percent vo Gl trogen. prOCCUuLle Wacetlced: 1 OL etnCmprep. 
aration: Ory Unetpedilazepenziadine.déerivatives,(/ [hus am excess 
On UMeeriIiphenyiphosphanertricarbonyl aaron) (0.65 vom, LoZs 
mmole): was added, to°a sample’ot p-diazobenzidine \ftetratfi uoro- 
borate (0.2.,0m, 0. 52) mmode jean acotone:,.G20.miy) andthe 
solution smirred*rapielyetor tthrecshours.om Gas Pevolut ion 
occured Silowly, thersolution eventually turning red. 

Atter filtering; the produet was: pretapitated from solution 
by the addition om diethylether (l00sml) and then. recry se 
talliised from acetone/saiethyl ether at -/S°C ass fine syel low 
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APPENDIX 


CALCULATION OF) THE CENTRE “HEFGHT OP @IHE ENVELORE 


FOR AN X AATX, NMR SPECTRUM (n = 3 or 6) 


Finer and Hees have shown’! tha tutor: am XW AATXS 
spectrum in which the centre resonance envelope is not 
Tesolved, the herent of the centreror thasvenvelope rel- 
ative to the height of the outer resonance lines OG, is 


given by: 


Hl 


where n NUNS BOT especies -Oo typer. 


L? 


‘ Saar loys 


were Li |Jey J 


AX Ax | 
anid Ay, = width at half height of the outer resonance 
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This@equation has: been’ solved) pyraphicallysior valuessor V 


imethe range 2.05.2) (Gr2pn 4) 
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For (Ph ,MeP) ,Fe (NO), 
ve = 0.486 (from nmr spectrum) 
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This equation has been solved graphically for values of 


Veinethe range 2.4-3.4 (Graph 1). 


For (PhMe,P),Fe(NO) , 


ees 0.309 (from nmr spectrum) 


and V = 3.04 from graph) 


Zz 
i 
3.04 
Janrlaya 
AV Gee gle ene 
3 2 
2 \Jax > Jax: 
a a ease! Hz 


‘ _ _ a 
au Oil e&% : 
a 


Te ee tated . 7 
abt a 7 


i Se 
¥ i - 
- an 


SS 


egy ea 


mevTes2ege vin her 202.6. - 
‘dee ore). 60.0 ma 
‘ 


ae? \. 


. lepih Laggllt 


GRAPH II 


Swaisas ° 


X 


VV 


9 


Xe dO4 


VC 


ceo 


O£0 


veo 


| 8€0 


cv0 


OX 


LO. 


lee 


ize 


1.5% 


14. 


a Oe 


REFERENCES 


Re B.King ai Adve Oreanometaljechem., 2, 157, (1964) 
FOGl.A. otone-and’ Rk. West, Eds: 

Teo. Pipe maidse. WL UKINSONG nun ComeuG see lem, 

oo LUA EL OS 634 

RaDs (GOLsteinaw .srmesr. Ghema role. ioe, 2400 sULo07 Ja 
Re be lit pee e Che] Vand@byGr ne SoLOne jC henner tira. 
{tondon), 7478 (19b2):. 

A, Davison ww. iMcCeartane, Lo Prace. and -G. Wilkinson, 
Joathen.e80Cc, soeom (b9672)). 

Jap. scOLimen “andaweR. Ropers, Jeet ae Cueirm Ochs, 
Cosy o0U4 CLS6S)e 

DoM. Adams, DoJ.) Cook and. Ri DoW.  hKemittt. «Chem. 
Commun. 0 [US eGLIGR) 

J.-P. Collman and W.R. Roper, ChemaeCommun., 244° (1966). 
EW. Abed ,@ A. Bowne and. G De Wiglica iis Onl sCHel wean elilc es 
TO Oy slo SS) 

J.C, SOtZ and Pedrotuty, J. Oreanome tal. Chem. 27. 


eS Oa eS alisas 
A259 E97 0) 
JoG. Kotz and Cee uni psecc GremmGommun sm tle 1o/ 0). 
Je Dicey DilreLasuch Sp RB. Retersenge dl. Oreanometar. .Ciem.7, 
24, COS CLO 
D. Cashman and oJ. Valor, J. eOreganometaic Chen. 24, 
CZOr ee One 
Pe Ramirez, andvs= Levy J. amev sCnem a. COC a, a) a, 207 


CEOS 7 )e 


(cael) 6880 see. . «3 


bei gem ,aaer? AA Ben 
| | * 
iPLaN 20 bee gama al Prners a woaiwall A 


USORE) GRO —— 


~ ,.202 feet) . domes Eh) 5 TEE Ry ~~ ao he, 


0 nelle ——— — 


| 7 a 
Mond , cP heme GM De ‘ toa ie ae ne ae 
| ‘ipeuty n6e tena 
OhS , .tuanD . med gt 2.77 eee vented %.t, 
ek) ,aceridt Wh Ga aoe rigid A hada Wa ‘ 

(200) FaOe 

1) otvenceg sta De iosbon baw ave “em 

: | totery eee 
cal? Sepang? .8.9 Ge Seen soem #q 
nen tomags0 .) weeneen A.A baw cvsuteut MOG 
. (OTery ae ibs 
pai) ,Jerumitegs® ol ied G5 bani mpage 9A 
S ..ape_.covla . ttle: Get <2 hide seeing Sa 
(eeny 


digas 
G7 


ter 


{S83 


on 


Ze 


be i 


ty Big 


2 Os 


24. 


Lon 


20. 


oa fa 


aS". 


62. 


ReDe Prscher, per: , Ios Oo elo) = 

ED aUUeGLeneLes sand (Galeri ent. «Quart. Reév..5, 52g, 
HOS* (P90 79" 

Mad -7 bennewu-and kh... Masons. Prec.w Chem. SOC. 40 275 
CLS 6ST. 

DiM: Adams} *D, 32" Cook and*RiD . WiNenmr ttre. ehem 3 
SOC re (A) s 7 EUO7 ZEL9O8)):. 

Ge Brauer; iar, Handbook ofVereparagiyve. Inorganre 
Chemistry” -AVGrey Wwe ek ee von eNeaGemre "Press = ine. ; 
New. York ,ON? Ys. .29035% 

GTRY “Crooks “and7bor.G.-Jchnsang.0 sGnenesooG. CN). 
1258 (1968): 

JeMy bnemark and Weks Tbers , Viner seme CMenssOmmto7.s 
COCs) x 


Ne Go Connedty and br: Danity, 2enhen mconnuie 2 So0r (1970). 


Ne7OkamotoyePhad. -ihesis, University of Alberta, (1970). 


Rev: Mawby*and’G. *Wright, J c@veanrometa tas Chem, #225 
VOU™ (toy Oy 


Weds. forroks,. Jr.jeand K.C. lay lore nome. Chem. wed, 
[in ee ECO. 

Pee Or ced 2 eAnedntroductiron (Lop rans ftien-Meral 
Chenistry:*-breand™Field=Theory*’.*London, *Methun« & 
Corn ide Sho) pi Ges 

is "Malatestatand*A: Aranédy DTeee heme Cocke Sous ( 4957) 
WeAy* Henderson: and GtA ."Streuls, *J2eAmer ys Chems #Secrs 


fo G71 9960)" 


siete a +a 


Jicay test oviteraqett +: 

, dl aeort 2imabEoA Okt ES s* ive ; tts 

200). 5k doa 

208. modo. © a git bag seeety pis 

Hite) ERE 

Tet ,0 «smotd- gon) , exes A.% Bn Ht 
fo) 
089 ,.n0m@mo> made ae hare, \t fomred at 

(OTR) ,etvedkiaA doe aw FF; italic gtheotl . S08 temah “Hi ° 
y 

mot) .letemounpat-: (J ie aT i 2 Gee qaWelt UR ‘ = 

LOGE) ROS 

Lue) ¥en) rete D,ebes , ol aie eae 
(ZOE) 2ST 

lasov-nurtienesl oF suetrone? OA" .tewto oo oe 

} agilteM ,cebqod erent iets hanp iJ anesionte 

peta (Tot «Od oe 
(T2et) £OSE ,,o0° moms wre Wanidsd JA GAS ascainm a: 


202 Jedd _/tamh Lows? A ee ses) 


29). 


o0% 


Sih. 


Ly ae 


23: 


34. 


Soh. 


56; 


ES 
oo 


oo. 


40. 


Al. 


42. 


O35. 


DaWh. MecBrmade dS (LY Stattord ander. G.A.Stone; 


Ino terme Chem., Bl N§S8.G.26196 2) 3 

L.0., Brockway sand «J aS; Anderson, Trans. eharaday. Soc., 
SSP OZ 5/7 0H937;)*. 

€.G. Barraelough and.J.. Vewis, eh. Chem. Sees, 7464245 (1900 
Mik. EBiaoayed and He) sykaesz, #7 aio. +Spectrya. 9, e310 
GE962):3 

a) EAW seGanbient 3 Ginn 2 eChemasuducation, 45,4480 ((1968 
BySGbs4.L. Anet, J.. Amer.,,GhemeySu0c.,/844+747 ©1962). 
G)N. J NbomMusher and, Es) .-Goneyse etrahedron, 18,4791 
(196 20 

Re Koyhar nse Canuale Chena, 42, 2275 (1964). 

RJ. Abuahanpgand, 1. Ja,Bernsteinga Gann) eaChennemgs9, 

ZO. LEI Lye 

i. MeeJenkins andwbel. cShaw, Byuccagg@henggsoc., 279 

G196 33% 

i.M. Jenkins a Be 4 ShawesJ. #@HOi aR SOC $4674.04 (1966). 
Paks (Brookes fandpBwl s.Shawy}J ¢gGhem. Soc. p(A), (1049 
(L967). 

BOB. Ogilvie, J.M. tenkinssandnJ eG. pVerkadey JagAmer. 
Chem. Soc,, 92, Bobo r(h9 Ad). 

J. Be Henduieksen, eth owMaddox, wo ehenoims, andehalaekaecsz, 
Tetrahedrong 2059449 (1964). 

EB. GashinervandakRsk.plliarrisy<Mol janhysepekle 45 4q (1957). 
Nemlcuies,: Reo. Neo, wo.54 [8Ndu sand iM. Be So tiaddard | 


Uar Chem. SoG... 2ozo s( 1904). 


: : 
{ RACL) OB <—- ea teouba . Ve 7 le ro * 
(S001) THR: «Be 2 ac toma - 


ret 82 .cexbedeajeT .yeral itt hae bio Ch.6 ‘a 


DRSRPY BATT) (ERs 


t 
Ce » otal ; rs a Pal r étatemeoe b ee ‘ 


a)! 
— 
“ ; y 
wodeadA Al 
‘@ : v ) - _ 


Tl , 202 il oped wel 1a bao: wiiitebe arab 
OTT), eno. Ae 2G. (OEE pal. bina, aidnot Mh 
OTOL. (A) .202 mold ot Wee .1.d ite saeene ite 
of SOQ h), 
shbelis¥ .0.. his Setapet 4.0, Gee) 
~(OTRE) Cle? 80 . 9908 mag 
‘G.4 Qua emte’ tk Onn Gil nontseiaae dal 
a CRBGLY Ghd pier: ane 
({oer) (2h 6 ned otal al eae Soe amd 4D 
-biabbls2..841,4 bam, cba OK wbatyy Ata 7 
<qoaesy ase 


43. 
44. 


45. 


46. 


47. 


48. 


49. 
BO; 


Di 


Sie 


5D,. 


54. 


Bide 


56. 


64. 


HD. aitlen and 1C.VeqSenott «9 ChemeyiCommun 34,621 761965} 
ae Chatt) Avibe Nakolisky, Rob. Richards, J.R. Sanders 
Jb. ereusseneand. J. 1. above wis, Chen. SOcssaCA), 
1479 (1970). 

Gvee Parshall. J..cAmer. chene DOC og Le a7 LOO 7: 
Rob. Whine aude, Bom pisnette, Ve. Amer. hChemasoc. . 80; 
5694 (1964). 

KB. King andeM. 5.) Bisnette, Inorge, Chem?) oid.9 500 
(1966). 


AON. Nesmeyanov,;Yu. A. Chapovskii, N-A. Ustynyuk and 


L.G. Makarova, Acad. Nauk. SSSR Bull., 449 (1968). 
bs Srotimenko, Inorg.) Chemz, 8) 2075 (1969). 

E. Jpa be lor’ and wailbtePauson,eJ:.. Onganonetadien Chem), 
As, Won Geos): 

Sher rofamenkos. [none Chem. , 10, 504 (1971). 

Dikes Shranery,., Accounts; of Gheme Res .,g2,) 2d (97 09>. 
EF. AS. Cottons ands Go Wad kimson,s fAdvanced: dnor ganic 
Chemistry’, ‘imterscrence Publashers, end Ed. 5 (C1966) 
Chea A 

Kk Gaecaulton, deauewpehkock and@hiok. ghens ke...) armen. 
Ghemnc OG, 62), soe L970). 

Jeb oeCollnan, eo kubote,, flees cinco and 


Telie Kano 02) sme pe GileMm.: SOC.) 60.0 p40 Cho OGn) 


Ae Roe an Oneandic: Reactions”, sonn Wiley sg Gons, slne.., 


New Yoriko N ) von cGy, Ch.) 47 Vol 


746% 
i (2ce! 2 4 
Nh a t ri 
H | 2 : os 


| ia al 4 ae 


i 
1G" 6 OR id |, 

} DOK B22 2 
| 08 , 208 9009 stegh bf STIR fe i su 
‘ 7 : thee é 

7 vo, 3 - an 

. 7 Fd ; te. 4s A ‘7 

| rod f Mo efiPo EA, at fy iit m a 
) or 


. ah . Ay a, | 
devon) eife oF Vombanenm hea bas 
Ven . 
,BYO emi ail = +. 


ve a © ee 


he * 
- 
ii ‘ 
i vag 
iu We ti.) 
{ = 
‘ 
: . 
; , ‘ ' 
’ a, = 
ed ) 
aly 
i 
yy 
ad 


eet , ron. «te. ean ry 


2k t See oimeg7)"” = a8 oh 


ee ee 40 al 


S16 


58. 


SI 


60. 


at ES 


Giz 


63; 


64. 
G52 


66. 
G7. 


65; 


Ree Vessey.R. Lb. Pohl and Ry Ro King, J. Amer. Chem. 
Soc., 88, 5121 (19607): 

RB. pha. enecounbs 7Of Chemny Res.,-3,, 41750197 0):. 

W. Heiber, J. Sedlemeier and A. AGCCK Beis 5005-40 0 
CLO SS))i% 

RvB. Kano, "Advan. Chem: Bee NOLO cae c UR mh ON). 
Reape eu, Ome Sel. 5.710 woe ed a LOO) 

RoWiwlith giiwomeine Ed tects aineOr cane. Ghemus Cry as 
Mos. (Newmans sro. onn Wiley ‘GeSons,. inc... (Newey oOrn.: 
Nein eos Oeeeliiam Gro". 

Pov smCoO FLO et GroUnnG Ande Joe NOodG  hlOrO we Clem, 
Beto o  GEOO Si). 


Gee baile, andy Ge OCU Bemanit,* Ber sO Soe LOZ7). 


MoE. We Dunker, buBs “Starkey and’ Gvk. Jenkins, Us Amer. 


Giverny wsGG t0," COU em LOO)! 
E. Bergmann and A. Bonde, Ken, 104, 96e55- (19517 


Gsochiemannwend, Eowholsitad, WBey. ge Ol.) 040 5) (ose: 


z | .pyie) ocd 22 ege Senet" eT Geena ro 


(oear) TERA ae dosed 
ey: cian) shaeged as AS Reee ORE 


(ror wait , et Leta ORE ARs Li, , . 2 
21 18 pe oe: 


ma 
oz 
| cawey mk 4 OO 

eee a eee niin; isla a 
Loe pubis: «de ~otuntl 2. 

(Ste) sit 0h  »opme: Smee. 

(ieet) dteh 8 \, tee yi A See Ree * 
') €0°f $40 ..7e8 \00ielote 4 bos Se 


a oor 


ea 


ah) 


B30000 


